Bilateral diaphragm paralysis is a rare but important complication of open heart surgery. Two cases were found among 360 prospectively studied patients undergoing open heart surgery during one year. Both patients had insulin dependent diabetes with peripheral neuropathy and this may have contributed to their diaphragm paralysis. The patients were studied postoperatively for one year with measurements of lung function, nocturnal oximetry, diaphragmatic function, and phrenic nerve conduction.
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In the last two decades unilateral and rarely John Radcliffe bilateral diaphragm paralysis have been Hospital, Oxford increasingly recognised as complications of Reprint requests to: open heart surgery. The diaphragm paralysis Unit, Churchill Hospital, has been attributed to cold injury of the Oxford OX3 7LJ. phrenic nerve as a result of the topical iced or Accepted 14 January 1991 slush saline used for myocardial protection, [1] [2] [3] 
Methods
For a prospective study of phrenic nerve conduction before and after elective cardiac surgery we studied 360 consecutive adult patients having open heart surgery. Two of these, both with insulin dependent diabetes, developed bilateral diaphragm paralysis.
Two additional patients, from a further 390 consecutive adult patients studied retrospectively for the year before the prospective study, were also found to have bilateral diaphragm paralysis. One of these latter patients had insulin dependent diabetes with a mild peripheral neuropathy; the other had a right sided diaphragm paralysis before operation as a result of brachial neuritis three years previously. The two patients in the prospective group were studied in detail and form the basis of this report. surgery is an uncommon complication with few published reports.' 151415 The incidence of this complication in our unit was two cases in 360 patients studied prospectively over one year.
Both these patients and one of the two patients identified in our retrospective study had insulin dependent diabetes. One of the two patients described by Kohorst et al 4 also had insulin dependent diabetes, further supporting our hypothesis that diabetes predisposes to phrenic nerve cold injury and diaphragm paralysis. All three of our diabetic patients had clinical evidence of peripheral neuropathy, of moderate severity in two. Possibly the phrenic nerves were also affected by subclinical neuropathy, though phrenic nerve conduction time was normal preoperatively. These findings suggest that further work on the sensitivity of diabetic nerves to cold injury is indicated.
Pronounced orthopnoea and abdominal paradox, in association with a fall in vital capacity of about 50% when the patient lies supine, strongly suggests the diagnosis of bilateral diaphragm paralysis,'6 17 and led to a positive diagnosis in all our patients. Diaphragmatic screening may be helpful in showing that diaphragm movement is reduced or absent, but paradoxical movement is frequently not present. 16 The measurement of phrenic nerve conduction time is a useful technique for assessing phrenic nerve function,4 12 and currently may be the most sensitive method available for identifying different degrees of phrenic nerve cold injury. The initial absence of phrenic nerve conduction in our patients after surgery suggests that cold injury may result in axonal degeneration or severe demyelination of the phrenic nerves, or both. Evidence of such lesions has been seen at necropsy57 and in experimental models of cold injury in animals.'8 Prolongation of phrenic nerve conduction time due to milder degrees of cold injury may occur in up to 40% of patients after open heart surgery (unpublished data), and milder degrees of demyelination may be the best explanation for this.
Considerable morbidity and mortality are associated with bilateral diaphragm paralysis. Respiratory impairment may be well tolerated by day but becomes a serious problem during sleep, especially during rapid eye movement sleep. '9 20 Respiratory failure has generally been considered common in patients with bilateral diaphragm paralysis.'6 Laroche et al,21
however, have recently challenged this point of view and suggested that it is rare unless the other respiratory muscles are also affected. In our patients the other respiratory muscles are unlikely to have been affected and, although respiratory failure did occur, it was mild and seen only when the patient was supine, particularly at night. Death is not uncommon after bilateral diaphragm paralysis, and in three of the 10 previously reported cases the patient died within the first six months after operation, the other seven patients requiring assisted ventilation for four to twelve months before recovering.' ".
Negative pressure ventilation has been used to treat bilateral diaphragm paralysis in patients with neuromuscular disorders in the past, but it is often accompanied by complications and is cumbersome to use.2223 Nasal positive airway pressure ventilation is a relatively new technique, which is simple to use, has few complications, and has been shown to be of benefit to patients with neuromuscular disorders and in hypoventilation associated with kyphoscoliosis.891024 After the initiation of nasal positive airway pressure ventilation in our patients the mean overnight SaO2 increased to normal levels and the dips in Sao2 were abolished. After nine months of this treatment one patient had fully recovered and, although the other patient continued to require assisted ventilation he was able to continue most of his normal daytime activities.
We conclude that diabetes mellitus, particularly with peripheral neuropathy, is a substantial risk factor for the development of bilateral diaphragm paralysis after open heart surgery when topical iced or slush saline is used for myocardial protection. We suggest that the latter should be avoided where possible or used in conjunction with a pericardial insulator in patients with diabetes and in those with previous phrenic nerve or diaphragm problems. Nasal positive airway pressure ventilation is a relatively simple and effective treatment. Measurement of phrenic nerve conduction time offers a useful technique for monitoring the recovery of phrenic nerve function after cold injury following cardiac surgery. 
